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A  nlagneto-Doppler  imager and X and Ka bancl  ra-
clio communication system sent to the other side of
the Sun can support the extended SOI1O  mission in
several ways:

● Soon after launch the spacecraft can observe
w e a k  photospheric f ie lds  s imul taneously  with
SOIIO/MI)I  and ground instruments. Combini-
ng these data sets gives infornlation  on the in-
clir)ation  of the f ie lds .  Changes  in  incl inat ion
gives evidence of magnetic shear buildup, per-
haps  Ieacling  to CMES.

. JVhen  spacertaft is off the Sun’s Iirnb  (as seen
from S0110) it measures photospheric  magnetic
and velocity fields beneath Chl I’;s observed by
I, ASCO. It searches for emerging magnetic flLIx
contributing to CMI; destabilization.

● ~’hen spaceraft is approaching solar occultation,
the Faraday rotation of the radio signal passing
through the corona is measurecl. The  coronal
magnetic field can then derived from the Faraday
rotation and electron density. Thus the magnetic
fielcl in the corona observed by I, ASCO/Etrl’ is
measured. Using Ka band, Faraday rotatiori can
be measured in the previously unexplored regions
of the inner corona, 1.1 – 4f{~.
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1. \V1lY GO /ll{O(JNI> A N I )  II II;llINI) ‘1’IIf~
SLJN?

SOlill varia[iolls i[lc”luding  active regions, flares, coro-
nal ftlass f’jcctions a[id  solar wind, originate in rnag-
nctic fit’lds. Mag[]etic fields are generated irl tllc solar
collvectiorl 7011[’, erllcrgc ilt the pllotospherc and g’ov-
er[l tl)e  str(lt’tllrc of ttlf’ corona .  Il!agnetic  energy i s
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Figure 1. As the kiart}i-St4r3-3 pacecrajt  ang[e increases
r~euj obyewation  opportunities open.

believed to be converted into heat and mass motions
driving the solar wind This knowledge comes from
observations made from the grouncl  ancl near- ~;arth
spacecraft Views of the Suri from other angles are
rLeeded, however, to better understand ho~v nlagnetic
fields are generated and cause solar varial)ility

\t’liy not just wait until the rotatilig SLin  br ings  a
‘7 ‘1’t)is WOUICI  be possible if struc-structure lnt, o view.

Lures do not r-llauge  as they rota te .  flowcver,  s o l a r
[I]ag[letic  fields do cl]angc. ‘1’hmc changt-s take place
0[) all ti[]le  sralcs. “1’here arc slow changes, for ex-



,

aIIIl)lf~ tlir I l-ycai-  solar  cy(’le, illl(l ra[)icl t’lla[lges  at,
sIIIall  s(. alw, SII(’11 as solar flilr(%. I’tlerlor[lrna 011 troth

I  aro  cff’(ctivrly stlldiml frorll  [tarttlttl(w:  t,itllc  w.a (+
aloILc. ‘1’llere are, Ilowevcr,  Iargescale nlagtlctic struc-
ll]rm on the sofar surface that, charlgc on tirtle scales
Ims ttla[l or ~Olll[)iLrat)l(>  to the solar ro ta t ion  per iod .
‘1’li(sr changes are transferred to the corona rapidly
(:Lt  tlIc  Alfvdll  s[)rxd), ~loronai s t r u c t u r e s  such as

Ilclrllf:t  strea[ners or coronal holes  typica l ly  change
01)  t irnr scales of [liLyS or  W’(v?ks.

‘1’tlus observations from Earth alone are insufficient
to stucly  many irnporta[lt phenomena, A mission to
go around and behind is designecl  to fill this neecl. We
call It MagSonas  (Magnetic Structures on ancl around
the Sun). It enables observations from behind the
Sun arid  on the way to this position (Fig. l). When
behind the Sun the spacecraft will souncl  magnet ic
fields in the inner cororla.

In this paper we discuss some scienti f ic  problelrrs that
can be solved using simultaneous observations from
S0110 and MagSonas.

‘1’he solar  clynarno i s  m a i n t a i n e d  by m o t i o n s  o f
e lect r ica l ly-conduct ing plasma in  the  convect ion
zone, the outer 1/3 of the radius of the Sun Parker
1978; Zeldovich e t  a l .  1 9 8 3 .  l’heoretical s t u d i e s ,
confirmed by several helioseisrnology  exper iments ,
strongly suggest that the solar cycle dynamo is lo-
cated in a shear layer (tachocline) just below the base
of the convection zone (e.g. Kosovichevet al. 1997).
IIowever, thestructure of thedynamo regionand the
strength and time -behaviorc)f the f[elcls that procluce
.Ictivity 011 tile Sur I are poorly krIotvI)

Simultaneous rneasurernents of the oscillations of the

photosphere f r o m  Earthside (SOIIO/MI)I) ancl t h e
hack side of the Sun (hlagSor]as)  will enable unique
helic,seisrnic imaging of the Sun’s interior. (l’his idea

c1
is put forfarcf  by J. IIarvey. These  images  can map
ttle interior structure and ynamics with resolution
that is unavailable using observations from a single
perspective. ‘rhis unique opportunity utilizes the
t ime-dis tance helioseismology  technique I)uvallet al.
1993. Among the outstanding questions that COUICI
beacldressecl aretheclegree to which thecleepstrati-
ficationoft heSun  isradially syrnrnetri  corislumpy.
It n]ight also be possible to detect fine structure at
tile baseof the convection zone such as Iocalizecl  jets
or rnagnetic-fielcl- alignecl  temperature perturbations
postulated to be associated with solar activity.

‘1’lic Ilew technique yields the time for an acoustic
tvave  to travel from a point at the surface to a clis-
tarlt p o i n t  ancl vice  v e r s a .  Con]hinations of rnatly
differf’nt  points, wave periods and wavelengths are
us(d t o  b u i l d  u p  irnagys of  the sc)ufld speed a n d
rl~ass rl~otiol)s  throughout the interior. LJntil this op
lmrtll!lity, the tm-llnique  I]as brv.-ll Iirtlitecl  t o  f a i r l y
s h a l l o w  diagrlmis a[]d  Ilas riot added I[lucll t o  o u r
kr)owlmlge  al~out  ttle solar-cycle-gerleratirlg dynamo
rcgioll  at tile base o f  tllc corlvection z o n e  o r  t h e
(’rl<~rgy-g<~tlcrtltirlg core, t)otll  regions crllcial for iln -
{](rsti~[l(lillg  b a s i c  s o l a r  pl]ysics.  \\ritlt MagSorlas,

tligll-lr((lllfil(y tviivw, ~vlli(.11 Imss orlly  <Jrl(v throllgll
tll(’sol:tr  ir]t(’rlor:itl(l [)rovi(l(’tll(’  tligtl(’sts  [);~ti; ~lreso-
Il]tiorl,  {at,  tjf.otjscrv,( I  ;It t,ltcn[lli[)c~clcc]ftll{ l;art,tl-
SIln line  arid  across  ttl[’ eartllside of tfle  S u n .  T h i s
combina t ion  allowx  dm’[) irrlaging of the interior not
available by arly ot,licr  krIowll twhttiquc,

3. 14: MI; I{ G[N(;  1;11;1,1)s ANI)  AC’rI\[’ry
Corvll’[j[;  xl’:s

‘1’he magnetic flux that ertlcrges ancl forms active re-
gions shows a remarkable tendency to cluster on the
solar surface (Gaizauskas et al. 1983). New bipoles
preferentially ertlerge in regions where flux has pre-
viously emerged; surlspots occur in groups; sunspot
groups  occur  )vithin activity centers, ancl these ac-
tivity cerlters in turn cluster among themselves }Iar-
vey & Zwaan 1993. I’arker (1984) pointed out that
clustering of solar activity constrains possible mech-
anisms of magnetic field  generation (dyrlamos) and
gives esserltial i,nforrnation corlcerning the dynamics
of solar convection.

“1’ypical lifetimes of individual complexes iclentifiecf  to
elate are from one to seven rotations. IIowever, imp-
ortant  evolutionary changes within complexes take
placeon titne scales of manyc lays to  weeks .  I)uring
this time activity complexes give rise to solar flares
andcoronal masse jections which maycauseenergetic
solar particle events ancl major geomagnetic storms.
Forexanlple, inhlarch 1989 inactivity complex pro-
duccd CMES)  an energetic solar particle event and
the most intense geo~nagnetic storrnsecrl in 120 years
Allen et al. 1989. ‘l’he activity complex built to a
maximum while it  ivas orl the far sicle of the Sun.

\Vith ttle present handicapof single-hemisphere ob-
scrvatiol]s only statistical studies of complexes arc
poss ib le .  Near solar  minimum individual  ac t iv i ty
c o m p l e x e s  c a n  u s u a l l y  bc ide[ltifiecl  ancl ttteir evo-
Iutiorl  is slow. Near solar rllaxirr~Llrl~,tllere  is rapidly
evolving magnetic activity and cornj)lexes are much
changed when they reappear from over the linlb(Fig.
2).

Only by observing both sides of the Sun can we have
sufficient continuity to follow the evolution of individu-
al activity complexes, \Vith extended observations
the complexes can be satisfactorily followed and their
evolution  studiecl. l~or the first tirlle our observatiorls
at solar rnaxirnurn will bc contir]uous  enough to stucly
ttle evolution of individual complexes  and to fir]cl out
Yvhen, }vherc and lIow rnucll  flux er[lergcs during an
activity complex life-time,

4.1 .  S t e r e o  ot~scrvatiotls of hli~gnct i(’ I:iclds in
(~Allts  II[lildu[)  Area.s
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f’igure  .2, Extending vieu,ing  of the SurI is required in or-
der to study the evolution of activity at solar  mcmimum.
Ileturrlirhg  activity compltwes  evolve slowly  at solar m i n -
imum (A, Et) and rapidly at marimum (C, D) (Mount
Wilson magnctogranis).  Field out of (into) the Sun i s
white (black).

p o w e r  gricls.  Ilfagnetic flelcls play a crucial role in
the buildup and acceleration of CMEs (I Iundhausen
1997). At the same ti[ne conclus ions  about  these
fields in the corona are now drawn on the assurnp
tion that coronal features observed in white light or
X-rays trace out magnetic lines.

‘1’hese Sun-Earth connections have been studied since
1859 (Carring(on,  }Ioclgson).  Since first d i rec t ly  ot>
served by Skylab (Gosling et al. 1974), thousands of
CMES  have been seen and hundreds ofstuclies carriecl
out. Itspecially inlpressive observations are now be-
ing macle  by SOIIO/I,ASCO chronographs (Ilrueck-
ner et al. 1 995), and Yohkoh  X-ray imaging (’1’suueta
et al. 1992). They show changes in the coronal flelcls
on all t irne  scales and CM hk that stretch from one
side of the Sun to the other.

In  sp i te  of  the  many years  of  s tudy,  the  causes
of  Chl Its are still not understoocl.  Al though i t  i s
now genera l ly  be l ieved tha t  CM Its are related to
tile clestabilization and eruption of the coronal nlag-
netic structure overlying pron]inences and/or active
regions ,  the  lnechanislns of this clestabilizatiou re-
m a i n  a  I[iystery. Curre[lt p o p u l a r  concel)ts of  the
destabilization include energy buildup by shearing of
n[aglletic fields tltrc)ugh  footpoint motion (Autiochos
et al. 1994),  and/or the addition of newly emerging
nlagl]etic flux itl or near the region below CIOSCCI  coro-
n a l  arrades (Feyn[nan & klartin 1995).  [tecently t h e
irllportal]re  of Iuagtlctic field line topology has been
strcsse(l (I{ust 1991; G o s l i n g  et al. 1995).

kl(’;lsllr(lll(llts of tile dirert ion of the [Ilag[letic fields
:trt’ re(lllired t o  stll(ly tile tol)ology of tlie IIla,gnetic
[icl(ls an(l  ttle [1(’lr(lc~l)[tl(’[it of sllcar. [}arth  based
vmt~~r lll:lgll(’togrit[ )lIS C[l[l [I]caslirc o n l y  strorlg fields

Ilear s(llislx)ts. Ilowvver,  tile str(lt’turcs that erul)t ill
( ‘hl 1;s art,  Ivi(l(ly  txlicved to tw r o o t e d  ill largcsrale
l)ll~)tml)llerit Iitl(ls I 11:1( arc too ;Ycali (< 100” C;) to lx’

CIrlc(.tmt I)y vc~t or IIt:lglt(’togr:l[)tls.  I’ost-( ‘kl It (’oro-
[ial strllrtllres Ilavr Iwcl] il]ferre{l  froth YOIIKOII s o f t
X-rily iI[lilgCS, I)llt tllC buil~l-llp  s t a g e  of (~MI’;s c a n
IIot Iw directly olwrvefi itl sof t  X-rays . I‘ re-(.~ kl E
sl]cari[tg a[i(l [I]ag[lctic strllctllrc h a v e  Ilot  b e e n  in-
ferrecl froti]  s o f t  X - r a y  i[nages berausc the [)arLs o f
tllc cororla that er[l[)t as a (~hf[~ are Ilot  hot cllough
to c[nit X-rays until they have become dcstabilizecl.

Magsonas, by pleasuring the [)hotospheric  ficlcls from
a second allglc silrlultaneously with earthside instru-
rnetlts will yield stereo observations of the line of sight
intensity of these \veak  n]agnetlc fielcls. TJvo conlpo-
nents of the magnetic field vector ancl plasma flow can
be obtained by combining these observations. The
fields  associated with the buildup to CM E can be ob-
served for up to 10 consecutive clays. Increasing shear
will be indicated by rhangirig field  inclination. The
resulta[lt CMI~ can be observed by SOIIO/LASCO
orl the solar lilnb. ‘l’tie changing inclination of these
weak fields can be observed in no other way.

Newly emerging magnetic flux also is believed to con-
t r ibu te  to  the  bui ldup  of  CNIES. Flux enlergence
often begins several days before quiescent solar fila-
~lle[lts disappear (Feynrnan &z hfartin 1995). The dis-
appearance is interpreted] as CME initiation. IIow-
evcr, to check this interI)retation rve need to observe
the flux e~nergence  and the actual CM  I;. l’he prob-
letil  is that Chl IIk arc best observecl  when they occur
near the limb while ctnergiug flux is best observed far
from the limb.

‘1’hc Magsonas  ~iiission  can soive  this problem. When
Magsonas  is off the limb it will observe emerging
flux be]leath the Chf Ns seen by SOIIO/I,ASCO.  The
Yohkoh  X-ray imager will identify low coronal struc-
tures heated wlien  the Chll; is initiated.

4.2. Ikrivation of Chlhk’ Magnet ic  Fielcls  in the
Corolia

After initiation, Chl lts are readily observed as den-
sity structures traveling through ttle corona, IIow-
ever ,  tile magnetic fields ~vithili CM I;’S, so essen-
tial to their clynamics in tile c o r o n a  (Ilulldhausen
1997) r e m a i n  l a r g e l y  unrneasurecl. There are v e r y

few techniclucs that can detect magnetic fields within
the corona. Itven  the ne~v]y proposed infrarecl solar
telescopes can measure only intense fields close to the
solar surface, not in Ckl 1;s. IIowever, the fields in-
side a few Chl l~s have been estimated using Faraday
rotation of polarized radio ~vaves passing through the
corotla  from the far side of the Sun (Ilircl  et al. 1985).
\\re  will use and improve on this tecllniclue

‘1’he Magsonas  radio systenl is designed to serve a
d u a l  pur[)ose, s[)acecraft co[ll[ll[]rlicatior]s ancl sound-
ing corotlal r[~agnetic  fields. [t carries a linearly po-
l a r i z e d  Ka b a n d  tra[lsl[litter atld an X ba[ld  trans-
Illittcr and rercivcr. ‘1’hrse s n o r t  ~vavelength  b a n d s
w i l l  so(lnd  the rorofla at SIllilll(’r distanrcs f rom the
Sun  ttlall ever I)efore  (it 1{s).

[{a(lio  soll[l(litig  gives i[lt(’grilte(l  Iitl(  of sight [lleasl]re-
I]]rrlts.  ‘1’lle cl(’(:(llivc)l(ltic)[l  of tt~is (Iata has bwlI prot]-
1( ’llliiti(’ (ttroo I!)97).  \Vc w i l l  11s0 all illlprovcd  ClfxOIl-

\,olllt ion [Il(t 11()[1 I):lsccl or] c.orollill” [Il(xlcling  (Mikic
K’ IJillkcr  l!)!)(;) Ilsillg  fllll SIIti I)llotosl)tleric tllagrlctir



Figure 3. Projection of MagSona9  trajectory on the 9olar
corona superimposed on LASCO C2 images. The F’ara-
day rotation at these lines will be measured to derive the
coronal magnetic field.

field  measurements enabled by Magso~las.  Cornbinecl
with improved coronal models h!agsonas radio sound-
ings will reveal the magnetic fields withi[[ the inner
corona  (< 10 1{s) and wit}lin  CM  ES.
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